The genus Alloactinosynnema was proposed by Yuan et al. (2010) and displays a type III cell-wall composition (mesodiaminopimelic acid along with galactose and ribose as whole-cell sugar pattern), type II phospholipid pattern and MK-9(H 4 ) as a major menaquinone. At the time of writing Alloactinosynnema album is the only species of this genus, isolated from soil in China. Here we describe the taxonomic characterization of a novel rare actinomycete belonging to the genus Alloactinosynnema using a polyphasic approach.
In the course of our investigation on the biodiversity of bacteria from saline and hypersaline environments in Iran, a novel actinomycete, strain Chem10
T , was isolated from a soil sample collected around Inche-Broun, a hypersaline wetland in Golestan province in the north of Iran. This wetland is a natural athalassohaline ecosystem, located below the Caspian Sea near the border with Turkmenistan (37 u 13-149 570 N 54 u 50-519 570 E) where an arid-semiarid continental climate dominates. It has an altitude of about 5 m above sea level and an area of about 1000 km 2 . The wetland is nearly dry in the low-water period (summer). At the time of sampling, the lake possessed a temperature range of 34-37 u C (annual temperature ranges from 22 u C to 40 u C), a salinity of 16-29 % total salt, a pH of 5.5-7.0 and high concentrations of Cl 2 as the major anion and Na + as the major cation followed by, Ca 2+ and Mg 2+ , respectively.
The strain was isolated by diluting the soil sample in sterile 3 % (w/v) salts solution, plating on Glycerol-Casein agar (Küster & Williams, 1964) and incubating at 28 u C aerobically for 3 weeks. The purified strain was maintained on yeast extract-malt extract agar (ISP 2; Shirling & Gottlieb, 1966) T were simultaneously subjected to a taxonomic study using a polyphasic approach. The cultural and morphological properties were examined on media recommended by Shirling & Gottlieb (1966) and Waksman (1961) . The colour of aerial mycelium (spore mass) and substrate mycelium was determined on yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), nutrient agar (Merck) and Czapek's agar after 3 weeks at 28 u C using colour chips from the ISCC-NBS charts (Kelly, 1964) . Spore motility was investigated under light microscopy using sterile distilled water. The ability for production of diffusible pigment was assayed on ISP 2, ISP 3, inorganic salts-starch agar (ISP 4) and glycerol-asparagine agar (ISP 5) media. Melanin production was evaluated on peptoneyeast extract iron agar (ISP 6) and tyrosine agar (ISP 7) at 28 u C after 7 days. Spore chain morphology and sporesurface ornamentation of a seven-day-old culture grown on ISP 2 agar were observed using an Olympus BX51 light microscope and a KYKY model 3200 scanning electron microscope. Strain Chem10
T was a Gram-staining-positive, strictly aerobic and non-acid-fast actinomycete. The strain formed powdery-surfaced colonies and produced abundant pale yellow to dark pink aerial mycelium that fragmented to ovoid, smooth and motile spores (Fig. 1) . The colour range of the substrate mycelium of strain Chem10
T was from pale yellow to light yellowish-brown. It formed extensive branched substrate mycelium. Yellowish-brown diffusible pigment was produced only on ISP 2 medium. Strain Chem10
T could produce motile spores. In addition, our study demonstrated the spore motility of Alloactinosynnema album KCTC 19294 T that was not reported by Yuan et al. (2010) . The growth and significant colour variations of aerial and substrate mycelium on different media are listed in Table 1 , which also shows some morphological differences between the strains studied.
Physiological and biochemical tests were carried out using standard methods (Gordon et al., 1974; Williams et al., 1983) at 28 u C, which included catalase and oxidase determination, acid production from carbohydrates, decomposition of aesculin, gelatin, arbutin, adenine, hypoxanthine, tyrosine, urea, guanine, xanthine, xylan and Tweens 20, 40, 60 and 80, and hydrolysis of starch, cellulose, casein and DNA. Carbohydrate and nitrogen compound utilization was determined according to the methods described by Shirling & Gottlieb (1966) and Williams et al. (1983) , respectively. The growth temperature range was examined on ISP 2 agar at 0, 4, 10, 15, 20, 28-37 (at intervals of 1.0 u C), 40 and 45 u C. The growth pH range was assessed on ISP 2 broth at pH 4.0-10.0 using 50 mM buffers MES (4-6.5), HEPES (6.5-8) and CHES (8.5-10) (at 0.5 pH unit intervals). Tolerance of NaCl was assessed on ISP 2 agar medium containing 0, 1, 3 and 5 % NaCl. Reduction of nitrate and production of melanoid pigment were determined by the method of the ISP (Shirling & Gottlieb, 1966) . Production of H 2 S was tested by growing strain Chem10 T on ISP 6 agar slant medium at 28 u C. All tests were recorded after 7-21 days. The miniaturized identification system API ZYM kit (bioMérieux) was used for examination of enzymatic activity.
Strain Chem10
T grew within a temperature range of 20-40 u C (optimum temperature 30 u C), pH 6-8 (optimum pH 7.0) and with NaCl concentrations of 0-3 %. The strain reduced nitrate to nitrite although nitrite reduction was not observed. Gelatin and casein were liquefied and hydrolysed, respectively, but starch was not. Moreover, this strain was not capable of producing H 2 S. Other phenotypic features of strain Chem10
T in comparison with the type strains 
Alloactinosynnema album KCTC 19294
T and Actinokineospora cibodasensis DSM 45658 T are shown in Table 2 .
Cell biomass for comparative chemotaxonomic evaluations of isolate Chem10 T , Alloactinosynnema album KCTC 19294 T and Actinokineospora cibodasensis DSM 45658 T was obtained by cultivation in shaken flasks containing ISP 2 broth medium for 5 days. The biomass was harvested by centrifugation at 40006g for 20 min, washed twice in distilled water and lyophilized. Isomers of diaminopimelic acid and whole-cell sugars were determined by established TLC methods (Lechevalier & Lechevalier, 1970; Staneck & Roberts, 1974) . Cells of strain Chem10 T contained meso-diaminopimelic acid, ribose, galactose and arabinose. Simultaneously, the analysis of cell sugar contents of Alloactinosynnema album KCTC 19294 T and Actinokineospora cibodasensis DSM 45658 T clearly demonstrated the same sugar pattern, although the presence of arabinose had not previously been proven in Alloactinosynnema album KCTC 19294 T (Yuan et al. 2010) . Phospholipids were extracted and identified by the method of Minnikin et al. (1984) . Significant quantities of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine (PE), and PE with hydroxyl fatty acids were found in the membrane of strain Chem10
T , but phosphatidylcholine (PC) could not be detected (Fig. S1 , available in the online Supplementary Material). The polar lipid patterns of strains Chem10 T and Actinokineospora cibodasensis DSM 45658 T were similar. Also, our simultaneous studies on all strains clearly determined that Alloactinosynnema album KCTC 19294 T contains PE and phosphatidylmonomethylethanolamine (PME) as well as PC, while the presence of PE and PME was not reported by Yuan et al. (2010) . Extraction and purification of menaquinones were done by the method of Collins et al. (1977) , and isoprene units were analysed by HPLC employing a Zorbax-XDB C18 column (Agilent). The predominant menaquinone was MK-9(H 4 ). The cellular fatty acid composition was determined at the Spanish Type Culture Collection (CECT) according to standard protocols as described for the Microbial Identification System (MIDI, Sherlock version 6.1). The fatty acid profiles of strains Chem10 T , Alloactinosynnema album KCTC 19294 T and Actinokineospora cibodasensis DSM 45658 T are shown in Table S1 ; iso-C 16 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 were the major fatty acids. Consequently the chemical properties of T demonstrated that the strain should be classified in the genus Alloactinosynnema although there are enough distinctive characteristics to confirm its affiliation to a novel species.
Genomic DNA from strain Chem10
T was prepared using a modification of the salting out procedure described by Pospiech & Neumann (1995) . Approximately 50-100 mg biomass of strain Chem10 T was taken from ISP 2 broth medium and transferred to a 150 ml microfuge tube. Biomass was resuspended in 567 ml SET buffer [NaCl 75 mM, EDTA 25 mM (pH 8), Tris-HCl 20 mM (pH 7.5)] and mixed with lysis solution buffer which contained 100 ml lysozyme (30 mg ml 21 in 10 mM Tris pH 8) and incubated at 37 uC for one hour. Lysis was accomplished by adding 9 ml proteinase K (600 U ml 21 ), 100 ml 10 % SDS and 3 ml RNase (10 mg ml
21
) followed by brief mixing and incubation at 55 u C for 2 h. The lysate was centrifuged at 75006g for 15 min. The resulting preparation was extracted according to the reference protocol. DNA was precipitated with 2-propanol and rinsed with 70 % (v/v) ethanol. The pellet was dried at room temperature and the DNA dissolved in 50 ml TE solution (10 mM Tris, 1 mM EDTA).
PCR amplification was carried out using the universal primers 10F (59-GAGTTTGATCCTGGCTCA-39) and 1500R (59-AGAAAGGAGGTGATCCAGC-39). PCR conditions involved initial denaturation at 94 u C for 5 min followed by 25 cycles including denaturation at 94 u C for 1 min, annealing at 56 uC for 1 min and extension at 72 uC for 90 s. This was followed by a final extension at 72 u C for 10 min. The purified PCR product was sequenced using an ABI 3730XL DNA sequencer at Macrogen (Seoul, South Korea). Identification of phylogenetic neighbours was initially carried out using the BLAST (Altschul et al., 1997) and MEGA BLAST (Zhang et al., 2000) programs. The 16S rRNA gene sequence of strain Chem10 T aligned with those of the 31 most closely related type strains was analysed using the MEGA version 5 program (Tamura et al., 2011) . Tree reconstructions were based on almost-complete 16S rRNA gene sequences of the type strains most closely related to strain Chem10
T and conducted by neighbourjoining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1992) and maximum-likelihood (Felsenstein, 1981) methods.
The 16S rRNA gene sequence of strain Chem10 T (1514 nt) was obtained and used for initial BLAST searches in the GenBank database and phylogenetic analysis. The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e database (Kim et al., 2012) . The 16S rRNA gene sequence analysis showed that strain Chem10 T was a member of the family Pseudonocardiaceae, and was most closely related to Alloactinosynnema album KCTC 19294 T and Actinokineospora cibodasensis DSM 45658 T with similarity values of 98.3 % and 97.9 %, respectively. As can be seen in Fig. 2 , phylogenetic analysis based on the neighbour-joining algorithm revealed that strain Chem10 album KCTC 19294 T within this family. The tree topology in this region was supported by the minimum-evolution and maximum-likelihood methods, which confirmed the phylogenetic cluster formed by Chem10
T and other neighbours in this family. By circumspectly analysing the phylogenetic data, we can conclude that strain Chem10
T and the species Alloactinosynnema album KCTC 19294 T could be considered as members of a single genus; however, they are separated from species of the genus Actinokineospora and other neighbours of this family and thus, we propose strain Chem10
T as a novel species of the genus Alloactinosynnema.
For determination of the DNA base composition and analysis of DNA-DNA relatedness, the cells were disrupted by using a Constant Systems TS 0.75 kW instrument (IUL Instruments) and the recovered DNA was purified on hydroxyapatite according to the procedure of Cashion et al. (1977) . Strain Chem10 T had a genomic DNA G+C content of 70.7 mol%, which was determined by reversed-phase HPLC of nucleosides according to Mesbah et al. (1989) . This value was higher than that of Alloactinosynnema album KCTC 19294 T (68.2 mol%) and lower than that of Actinokineospora cibodasensis DSM 45658 T (71.3 mol%) (Lisdiyanti et al., 2010; Yuan et al., 2010) . Subsequently DNA-DNA hybridization was carried out as described by De Ley et al. (1970) incorporating the modifications described by Huss et al. (1983) , using a Cary 100 Bio UV/ VIS spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with an in situ temperature probe (Varian).
The percentages of DNA-DNA reassociation of strain Chem10
T with Alloactinosynnema album KCTC 19294 T and Actinokineospora cibodasensis DSM 45658 T were 52 % and 23 %, respectively. According to Wayne et al. (1987) , a DNA-DNA relatedness value of 70 % is considered to be the threshold for the delineation of genomic species; the DNA-DNA hybridization results therefore provide conclusive evidence that strain Chem10
T represents a distinct species within the family Pseudonocardiaceae.
On the basis of the data from this taxonomic study using a polyphasic approach, we propose that strain Chem10 T represents a novel species of the genus Alloactinosynnema, for which the name Alloactinosynnema iranicum sp. nov. is proposed. In addition, we propose the emendation of the genus Alloactinosynnema.
Emended description of the genus Alloactinosynnema
Alloactinosynnema (Al.lo.ac.ti.no.syn.ne9ma. Gr. adj. allos other; N.L. neut. n. Actinosynnema a bacterial generic name; N.L. neut. n. Alloactinosynnema the other Actinosynnema, referring to the fact that it is morphologically similar to Actinosynnema but chemotaxonomically and phylogenetically distinct).
The description is based on data from Yuan et al. (2010) and the present study. Aerobic, Gram-stain-positive, lysozyme resistant. Widely branched, white to pink substrate mycelium which crumbles off rod-shaped elements in old cultures. The aerial hyphae are yellowish-white and fragment into chains of motile and smooth-surfaced spores with sporangia-like structures. Both spore chains and aerial mycelium often aggregate into clusters. The cell wall contains meso-diaminopimelic acid and galactose, ribose and arabinose as diagnostic sugars. The phospholipid pattern consists mainly of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine and phosphatidylethanolamine. The principal menaquinone is MK-9(H 4 ). The fatty acid profile consists of straight-chain saturated and monounsaturated and iso-and anteiso branched fatty acids. The G+C content of the genomic DNA is 68-71 mol%. The type species is Alloactinosynnema album.
Description of Alloactinosynnema iranicum sp. nov.
Alloactinosynnema iranicum (i.ra9ni.cum. N.L. neut. adj. iranicum of or belonging to Iran).
Cells are Gram-stain-positive and strictly aerobic. Abundant substrate and aerial mycelium are produced. The reverse sides of colonies are pale yellow to light yellowish brown. The aerial mass on ISP 2, is pale yellow to dark pink. Mature spores are ovoid in shape, 0.8-1 to 1.2-1.4 mm in diameter and exhibit motility when suspended in sterile distilled water. The spore surface is smooth. Grows at 20-40 u C, 0-3 % NaCl and pH 6-8. Optimal growth occurs at 30 u C and pH 7.0. Catalaseand oxidase-positive. Casein, arbutin, aesculin, gelatin and Tweens 20, 40, 60 and 80 are hydrolysed, but not starch, tyrosine, hypoxanthine, adenine, DNA, xylan, a-cellulose, xanthine or urea. Nitrate is reduced, but nitrite is not. H 2 S is not produced. Utilizes glucosamine, D-glucose, D-mannose, maltose, sorbitol, sucrose, mannitol, trehalose, sodium propionate, melezitose, D-galactose, lactose, sodium acetate and sodium pyruvate as carbon sources, but not D-ribose, D-xylose, xylitol, sodium citrate, dulcitol, melibiose, rhamnose, raffinose, cellobiose, myo-inositol, Larabinose, salicin, glucuronic acid potassium salt or methyl a-D-glucose. Acid is produced from mannose, maltose, trehalose, galactose, sucrose, D-glucose, melezitose and sorbitol, but not from D-mannitol, lactose, glucosamine, dulcitol or melibiose. The activity of leucine arylamidase, valine arylamidase, acid phosphatase, a-glucosidase and trypsin (API ZYM) is positive. No antibacterial activity was observed against Staphylococcus aureus and Pseudomonas aeruginosa. Exhibits type III cell wall composition (mesodiaminopimelic acid), while the whole-cell sugars pattern consists of galactose, arabinose and ribose. The phospholipid pattern is type PII with a significant amount of phosphatidylethanolamine. The principal menaquinone is MK-9(H 4 ). Major cellular fatty acids are iso-C 16 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 .
The type strain is Chem10 T (5IBRC-M 10403 T 5CECT 8209 T ) isolated from Inche-Broun hypersaline wetland in Iran. The DNA G+C content of the type strain is 70.7 % (HPLC).
